Introduction {#S0001}
============

Laryngeal squamous cell carcinoma (LSCC) is the most common malignancy with a poor diagnosis.[@CIT0001],[@CIT0002] It has a higher incidence among the head and neck malignancies. In the past years, there are many research focused on the molecular mechanisms about the development and progression of LSCC.[@CIT0003] However, it is still unclear that how LSCC progression. And, it is crucial to identify new therapies for LSCC patients.[@CIT0004]

lncRNA was found to have little or no coding potential. However, lncRNA was proven to play an important role in many biological processes including development, immunology, differentiation and cancers.[@CIT0005]--[@CIT0008] Moreover, lncRNA was identified to have the potential as a biomarker or therapy target.[@CIT0009] So, it is necessary to explore the role of lncRNA in promoting cancer development.

Zinc finger E‑box‑binding homeobox 2 antisense RNA 1 (ZEB2-AS1) was a noncoding RNA newly found in hepatocellular carcinoma..[@CIT0010] In addition, it has been proved to involve in promoting many cancer progression including lung cancer,[@CIT0011] gastric cancer,[@CIT0012] bladder cancer[@CIT0013] and pancreatic cancer.[@CIT0014] However, the functional role and underlying mechanism in LSCC remain undefined. In our study, we found that ZEB2-AS1 was highly expressed in LSCC tissues and cell lines. And, abnormal expression of ZEB2-AS1 in LSCC cell line promotes the abilities of cell proliferation, migration and invasion.

lncRNA was found to facilitate cancer cell progression through miR-RNA as a ceRNA.[@CIT0006],[@CIT0015] Through bioinformatics analysis, we found that ZEB2-AS1 binds to miR-6840-3p directly. Moreover, we discovered that overexpression of ZEB2-AS1 inhibits miR-6840-3p while inhibition of miR-6840-3p promotes ZEB2-AS1 expression. Moreover, we also discovered that miR-6840-3p targets to PLXNB1.

Plexin-B1 is a transmembrane receptor for semaphoring 4D.[@CIT0016] Previous studies have demonstrated that PLXNB1 is involved in many cellular processes.[@CIT0017],[@CIT0018] And also, there are some reports that proved that PLXNB1 plays a vital role in the progression of glioma.[@CIT0019],[@CIT0020] However, the biological role of PLXNB1 in LSCC is unknown. Through a series of experiments, we revealed that PLXNB1 overexpression associates with LSCC proliferation and invasion.

Materials and methods {#S0002}
=====================

Samples {#S0002-S2001}
-------

LSCC tissues and paired healthy tissues were isolated from LSCC patients after surgery at The First Hospital of Qiqihaer City. The tissues were frozen in liquid nitrogen. This work was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of The First Hospital of Qiqihaer City. All written informed consents were received from patients.

Cell lines {#S0002-S2002}
----------

LSCC cell lines (TU212, Hep-2) and normal bronchial epithelial cell line (16HBE) were obtained from the Chinese Academy of Science of Shanghai (Shanghai, China).

Real-time PCR {#S0002-S2003}
-------------

RNA was isolated from LSCC tissues and cell lines by Trizol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. qRT-PCR was performed according to the manufacturer's instructions.

Cell counting kit-8 assays {#S0002-S2004}
--------------------------

To measure the cell proliferation abilities, cells were transfected with indicated plasmids and then performed CCK8 assay (7 sea biotech, Shanghai, China).

Colony formation assay {#S0002-S2005}
----------------------

TU212 cells transfected with indicated plasmids were put into 6-well plate. Every well was put into 1000 cells. After 13--15 days culturing, colonies were stained and counted.

Luciferase reporter assay {#S0002-S2006}
-------------------------

pMIR-PLXNB1-3ʹUTR (WT or Mutant) plasmids or pMIR-ZEB2-AS1 (WT or Mutant) plasmids and miR-6840-3p mimics were co-transfected in TU212 cells couple with pRL-TK vectors (Promega, USA). After 24 hrs, the dual Glo™ Luciferase Assay System (Promega) was used to measure luciferase activity according to the manufacturer's protocols.

Western blot {#S0002-S2007}
------------

Western blot assay was used to determine the expression of the indicated protein. The assay was performed according to the paper reported.[@CIT0021]

Statistical analysis {#S0002-S2008}
--------------------

To analyze the results, we used GraphPad Prism 6 software. The data were shown as means ± SD. Student's *t*-test or one-way ANOVA was used to determine significant differences. Survival rate was analyzed by Kaplan--Meier analysis and log-rank test.

Results {#S0003}
=======

ZEB2-AS1 expression is elevated in LSCC tissues and cell lines {#S0003-S2001}
--------------------------------------------------------------

As previous study reports, ZEB2-AS1 promotes many cancer progression. However, the role of ZEB2-AS1 in LSCC is unknown. Firstly, we performed qRT-PCR and found that the expression of ZEB2-AS1 is higher in LSCC samples compared to near healthy tissues ([Figure 1A](#F0001){ref-type="fig"}). Among them, 20 (20/27, 74%) pair samples showed a significantly higher expression of ZEB2-AS1 in LSCC tissues compared to adjacent normal tissues ([Figure 1B](#F0001){ref-type="fig"}). Next, we examined the expression of ZEB2-AS1 in advanced samples. We found that higher expression associated with advanced cancer samples which indicated that ZEB2-AS1 expression associated with more malignant tumor ([Figure 1C](#F0001){ref-type="fig"}). Consistently, we also examined the expression of ZEB2-AS1 in LSCC cell lines and noticed that the expression of ZEB2-AS1 was higher in LSCC cell lines (TU211 and Hep-2) than normal bronchial epithelial cell line (16HBE) ([Figure 1D](#F0001){ref-type="fig"}). Then, we wanted to investigate the prognostic significance of ZEB2-AS1. We analyzed the overall survival rate by performing the Kaplan--Meier curve. We divided the 45 patients into higher ZEB2-AS1 expression and lower ZEB2-AS1 expression group based on the median expression level of ZEB2-AS1. Consistently, we found that lower ZEB2-AS1 expression group possessed better overall survival ([Figure 1E](#F0001){ref-type="fig"}). Collectively, these data indicate that LSCC samples show a higher ZEB2-AS1 expression which associates with patients' prognosis.Figure 1ZEB2-AS1 expressed at a higher level in LSCC tissues and cell lines compared to normal tissues and cell lines. (**A**) qRT-PCR was performed to examine the expression of ZEB2-AS1 in LSCC tissues and near healthy tissues. Forty-five pairs of LSCC tissues and normal tissues were collected for analysis. (**B**) Among the 27 pairs of LSCC tissues and normal tissues, 20 cases (20/27, 74%) showed increased expression of ZEB2-AS1 in LSCC tissues. (**C**) qRT-PCR assay was performed to examine ZEB2-AS1 expression in LSCC tissues with early stage or advanced stage. And, 20 early-stage LSCC tissues and 25 advanced LSCC tissues were used for qRT-PCR. (**D**) ZEB2-AS1 expression in LSCC cell lines and normal cell line were detected using qRT-PCR. LSCC cell lines: TU212, Hep-2. Normal bronchial epithelial cell line: 16HBE. (**E**) Overall survival and log-rank test were analyzed by Kaplan--Meier analysis in 45 LSCC patients with ZEB2-AS1 high expression level or ZEB2-AS1 low expression level (*P*=0.015). \**P*\<0.05. All experiments were repeated three times.

Knockdown of ZEB2-AS1 significantly decreases LSCC cell migration, invasion and proliferation {#S0003-S2002}
---------------------------------------------------------------------------------------------

To define the role of ZEB2-AS1 in LSCC cells, we performed a series of functional experiments. We constructed shRNAs to decrease the expression of ZEB2-AS1. As examined by qRT-PCR, we found that the expression of ZEB2-AS1 was significantly decreased by the shZEB2-AS1 plasmids ([Figure 2A](#F0002){ref-type="fig"}). Then, we found that LSCC cell proliferation ability was obviously decreased in ZEB2-AS1 knockdown group examined by CCK8 assay ([Figure 2B](#F0002){ref-type="fig"}). And, we also performed transwell assays. Consistent with the previous study, we found that ZEB2-AS1 knockdown decreased LSCC cell migration and invasion abilities ([Figure 2C](#F0002){ref-type="fig"}--[D](#F0002){ref-type="fig"}). Colony formation assay was always used to examine the proliferation ability of cancer cells. So, we performed colony formation assay and indicated that LSCC cell proliferation ability significantly decreased after knockdown of ZEB2-AS1 ([Figure 2E](#F0002){ref-type="fig"}--[F](#F0002){ref-type="fig"}). These data prove that ZEB2-AS1 participates in the regulation of LSCC progression.Figure 2Knockdown of ZEB2-AS1 decreased LSCC cell abilities of progression. (**A**) Knockdown effect of ZEB2-AS1 in TU212 cells was examined using qRT-PCR. (**B**) Growth curves of TU212 cells transfected with negative control plasmids or ZEB2-AS1 shRNA plasmids. (**C** and **D**) The abilities of migration and invasion of TU212 cells after knockdown of ZEB2-AS1 were detected. (**E** and **F**) The number of colonies after overexpression of ZEB2-AS1 were counted compared to negative control. \**P*\<0.05. All experiments were repeated three times.

Overexpression of ZEB2-AS1 promotes LSCC cells proliferation, migration and invasion {#S0003-S2003}
------------------------------------------------------------------------------------

As shown above, we found that knockdown of ZEB2-AS1 decreases LSCC progression. So, we wanted to know the effect of overexpression of ZEB2-AS1. Firstly, we constructed ZEB2-AS1 overexpressed plasmid to elevate the expression of ZEB2-AS1 ([Figure 3A](#F0003){ref-type="fig"}). Next, we found that overexpression of ZEB2-AS1 significantly promoted cell proliferation examined by CCK8 assays ([Figure 3B](#F0003){ref-type="fig"}). Moreover, we further examined the migration and invasion abilities of LSCC cells. We found that the migration and invasion abilities were increased in ZEB2-AS1 overexpressed LSCC cells ([Figure 3C](#F0003){ref-type="fig"}--[D](#F0003){ref-type="fig"}). We performed colony formation assay using control and ZEB2-AS1 overexpressed LSCC cells and found that the number of colonies increased significantly in ZEB2-AS1 highly expressed group ([Figure 3E](#F0003){ref-type="fig"}--[F](#F0003){ref-type="fig"}). Taken together, these data indicate that ZEB2-AS1 significantly promotes the proliferation, migration and invasion abilities of LSCC cells.Figure 3Overexpression of ZEB2-AS1 promotes LSCC cell progression. (**A**) Expression of ZEB2-AS1 in TU212 cell line overexpressed with ZEB2-AS1 was determined by qRT-PCR. (**B**) TU212 cells were transfected with negative control plasmid or ZEB2-AS1 overexpression plasmid. Then, the growth rates of cells were determined using CCK-8 assay. (**C** and **D**) Transwell assay was used to detect the migration and invasive abilities of TU212 cells after transfected with control or ZEB2-AS1 overexpression plasmid. (**E** and **F**) Colony formation assay revealed that LSCC cells overexpressed of ZEB2-AS1 promoted the number of colonies. \**P*\<0.05. All experiments were repeated three times.

ZEB2-AS1 inhibits miR-6840-3p expression to promote LSCC progression through regulating PLXNB1 expression {#S0003-S2004}
---------------------------------------------------------------------------------------------------------

In the previous data, we found that ZEB2-AS1 can promote the proliferation, migration and invasion of LSCC cells. So, we want to explore the mechanism that ZEB2-AS1 regulates LSCC progression. To find the mechanism, we performed bioinformatics analysis. We found that ZEB2-AS1 can form a complementary base pair with miR-6840-3p ([Figure 4A](#F0004){ref-type="fig"}). In addition, we found that overexpression of ZEB2-AS1 significantly inhibited miR-6840-3p expression ([Figure 4B](#F0004){ref-type="fig"}). In contrast, we also indicated that miR-6840-3p overexpression decreased ZEB2-AS1 expression while miR-6840-3p inhibition promoted ZEB2-AS1 expression ([Figure 4C](#F0004){ref-type="fig"}). Next, we performed luciferase assay to prove that ZEB2-AS1 binds to miR-6840-3p. We showed that ectopic expression of miR-6840-3p significantly decreased luciferase intensity in ZEB2-AS1 WT construct while ZEB2-AS1 mutant did not change ([Figure 4D](#F0004){ref-type="fig"}).Figure 4ZEB2-AS1 binds to miR-6840-3p and regulates the expression of PLXNB1. (**A**) Predicted target site between miR-6840-3p and ZEB2-AS1 was shown. (**B**) Expression level of miR-6840-3p in TU212 cells transfected with ZEB2-AS1 overexpression plasmid was determined using qRT-PCR assay. (**C**) qRT-PCR assay was used to determine ZEB2-AS1 expression after miR-6840-3p overexpression or miR-6840-3p inhibition in TU212 cell line. (**D**) TU212 cells were co-transfected with the WT or Mut plasmid and the indicated miRNAs. Then, luciferase reporter assay was used to determine luciferase intensity. (**E**) Predicted target site between miR-6840-3p and PLXNB1. (**F**) Expression of PLXNB1 after overexpression of miR-6840-3p in TU212 cell line was examined by qRT-PCR and Western blot assays. qRT-PCR assay was normalized to 18S, Western blot assay was normalized to β-actin. (**G**) Luciferase activity assay was used to determine the luciferase intensity in TU212 cells transfected with different vectors. (**H**) Relative expression of PLXNB1 after ZEB2-AS1 overexpression or ZEB2-AS1 knockdown or ZEB2-AS1 overexpression with inhibition of miR-204-3p in TU212 cell lines. (**I** and **J**) Rescue assay was used to examine the abilities of migration and invasion after transfected with control or different plasmids in TU212 cells. \**P*\<0.05. All experiments were repeated three times.

In addition, we wanted to find the potential target gene regulated by ZEB2-AS1 and miR-6840-3p. We performed bioinformatics analysis again using TargetScan7 program. We showed that miR-6840-3p bound to PLXNB1 through complementary base pair mechanism ([Figure 4E](#F0004){ref-type="fig"}). Through qRT-PCR experiment, we found that overexpression of miR-6840-3p decreased PLXNB1 expression. We also proved that by Western blot assay ([Figure 4F](#F0004){ref-type="fig"}). Then, we wanted to explore the relationship between ZEB2-AS1, miR-6840-3p and PLXNB1 expression. We indicated that overexpression of ZEB2-AS1 promoted PLXNB1 expression and knockdown of ZEB2-AS1 decreased PLXNB1 expression. Moreover, the increased expression of ZEB2-AS1 can be rescued by ectopic expression of miR-6840-3p ([Figure 4G](#F0004){ref-type="fig"}). And, we also performed luciferase assay and found that overexpression of miR-6840-3p or knockdown of ZEB2-AS1 expression decreased luciferase intensity of PLXNB1 WT construct while inhibition of miR-6840-3p coupled with knockdown ZEB2-AS1 expression rescued PLXNB1 WT luciferase intensity. And also, the luciferase intensity of PLXNB1 mutant did not change ([Figure 4H](#F0004){ref-type="fig"}). As a result, we also performed transwell assay to examine the migration and invasion abilities. We showed that knockdown of ZEB2-AS1 decreased LSCC cell migration and invasion while inhibition of miR-6840-3p or overexpression of PLXNB1 rescues the abilities of migration and invasion ([Figure 4I](#F0004){ref-type="fig"}--[J](#F0004){ref-type="fig"}). Collectively, we show that ZEB2-AS1 regulates LSCC progression through binding to miR-6840-3p from PLXNB1 mRNA.

Discussion {#S0004}
==========

In the past decades, lncRNA is proven to play a crucial role in regulating LSCC progression. For example, Yang and colleagues found that lncRNA LOC554202 can promote LSCC carcinoma progression by miR-31.[@CIT0022] They demonstrated that LOC554202 is highly expressed in LSCC tissues while miR-31 is lowly expressed in LSCC tissues compared to adjacent tissues. And also, it is reported that lncRNA UCA1 can activate Wnt/β‑catenin signaling pathway to elevate the proliferation, invasion and migration abilities of LSCC cells.[@CIT0023]

ZEB2-AS1 is found to regulate many cancer progression. For instance, ZEB2-AS1 was found to promote breast cancer progression mainly regulating the proliferation and epithelial--mesenchymal transition of breast cancer. And, Wu et al demonstrated that ZEB2-AS1 binds to miR-143-5p and promotes gastric cancer cells proliferation and migration via HIF-1a axis.[@CIT0012] However, the role of ZEB2-AS1 in LSCC remains unclear. So we explore the biological role of ZEB2-AS1 in LSCC progression. In our study, we found that ZEB2-AS1 expresses at a higher level in LSCC tissues compared to near-normal tissues and positively correlated with LSCC progression. Moreover, we found that ZEB2-AS1 regulates the expression of miR-6840-3p and PLXNB1 in LSCC cell line. However, we did not explore the role of ZEB2-AS1/miR-6840-3p/PLXNB1 axis in other cancer cell lines. So we concluded that this mechanism is suited for LSCC. But, to know if this mechanism suit for other cancer needs more evidence.

miRNAs are proven to participant in many cancer regulating. And there are many miRNAs that are involved in regulating LSCC progression.[@CIT0024]--[@CIT0026] However, the role of miR-6840-3p has not been reported in any cancer. In our study, we showed that ZEB2-AS1 can bind to miR-6840-3p directly and inhibit the expression of miR-6840-3p. And, we also found that miR-6840-3p mimic can also inhibit ZEB2-AS1 expression. Moreover, miR-6840-3p inhibits the expression of PLXNB1. So, we concluded that ZEB2-AS1 is upstream while miR-6840-3p is downstream.

PLXNB1 is also found to be expressed in many cancer cells. Cao et al found that PLXNB1 can promote the cell proliferation, migration and invasion of cutaneous squamous cell carcinoma.[@CIT0027] In addition, PLXNB1 is proven to regulate Rho/αvβ3/PI3K/Akt signaling pathway, which is involved in regulating glioma invasiveness and angiogenesis.[@CIT0019] In our study, we found that PLXNB1 is a target gene for ZEB2-AS1 and miR-6840-3p. ZEB2-AS1 overexpression or inhibition of miR-6840-3p significantly promotes PLXNB1 expression. And also, overexpression of PLXNB1 restores the decreased migration and invasion abilities of LSCC cells caused by decreased expression of ZEB2-AS1. These data indicated that PLXNB1 plays a crucial role in regulating LSCC progression through ZEB2-AS1 and miR-6840-3p axis.

In conclusion, we showed that ZEB2-AS1 participants in promoting LSCC cells proliferation, migration and invasion via miR-6840-3p/PLXNB1 axis.
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